Department of Physics, McGill University, Montreal, Canada ( . R e c e i v e d 15 December 1937)
A study of certain digestive glands in experimental animals (Langstroth, McRae and Stavraky 1938) required the analysis of samples of secretion, ranging from less than 1 to 15 c.c. in volume, for several different substances. The use of the quantitative spectrographic method of analysis for Na and K described in this article aided considerably in obtaining the data for each sample, and so resulted in a description which was relatively complete as compared with that obtained under a purely chemical procedure. This more complete knowledge of the composition of the secretions was found to be of the utmost importance in the interpretation of the results, and in obtaining an understanding of the behaviour of the glands.
The method of analysis for Na and K, like that for Pb described in paper I (Foster, Langstroth and McRae 1935) , depends on the determination of the intensity ratio of a chosen line of the investigated element to one of an internal standard element. In contrast to the method of paper I, however, the sample is excited in a condensed A.C. spark discharge, and use is made of a standard working curve, viz. the intensity ratio plotted against con centration. Some important features of the procedure are as follows.
(a) The load placed on the electrode contains a fixed " large" amount of some suitable added salt (the buffer). This serves to obviate variations in the operation of the source due to variations in the composition of the samples. It permits the use of one working curve in the analysis of samples which vary considerably in composition. (6) The sample may be placed directly on an electrode previously prepared by drying on it a solution containing the buffer salt and internal standard. With this procedure only 0-01 c.c. of a sample is required for an analysis of both elements, (c) The spectrum of each sample is photographed with an antimony absorption step-weakener (Langstroth and McRae 1937) before the spectrograph slit. The photographic blackenings of investigated lines then lie in the normal exposure region in some steps, and can there be accurately measured. In this way one exposure is sufficient for the determination of both elements, or of several elements if required.
The method has been applied in determining Na concentrations between 1 x 10-4 and 30 x 10_4g./c.c., and K concentrations between 1 x 10-4 and 12 x 10~1 * * 4g./c.c. The probable error of the mean of a pair of determinations, which requires only 0-02 c.c. of a sample, is about 4 %. The method for K gives essentially the same results as Kramer and Tisdall's chemical method (1921) , but there is evidence to show that it is more reliable, at least under our test conditions. The low risk of contamination or loss, and the lack of dependence of determinations on the chemical form in which the element is present or on the extraneous composition of the sample, are important characteristics of the method. As pointed out in the introductory paragraph, the small size of the sample required for an analysis is a decided advantage in certain problems. A pair of determinations for Na and K may be made in three-quarters of an hour.
P r o c e d u r e
The sparking circuit used for exciting the samples is shown in fig. 1 . The inductance L is about 2000 /dH, and the condenser C has a capacity of about 0'02/iF. The transformer supplying the power has a 1 : 200 ratio, and is operated with 15 V across the primary. Examination of the discharge by means of a rotating mirror shows that with this arrangement sparks usually pass between the electrodes only on every other half-cycle of the 60 cycle A.C. supply.
The electrodes consist of a copper point and a copper plane (9 x 10 mm.) on which the load is placed. These are mounted in a holder which permits the plane to be so moved during an exposure th at the spark passes over the entire surface, as described in paper I. The electrode separation employed is 3-6 mm. The image of the source magnified five times is projected on the slit of the spectrograph by a condensing lens; accordingly only light coming from a definite region of the discharge midway between the electrodes is examined.
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An absorption step-weakener of antimony (Langstroth and McRae 1937) is placed immediately before the slit of the large quartz spectrograph (Foster 1936) used in this work. One step of the weakener reduces the intensity of the chosen Na line A 3302-3 so that the photographic blackening produced by it is comparable to that produced by the K line A 4044-7 as transmitted by another step, both lying in the normal exposure region.
The copper electrodes are dipped in concentrated nitric acid and rinsed with distilled water. Glassware is cleaned by immersing it in boiling nitric acid, and washing in distilled water.
In making a determination, 0-03 c.c. of the buffer solution is placed on the plane electrode by means of a specially made pipette, and is dried in a dessicator. The buffer solution contains the internal standard elements as well as the buffer salt. The buffer salt used in our work is lithium tartrate at a concentration of 0-033 g./c.c. Pb and Cd are used as internal standards for K and Na respectively; their concentrations are such that Pb A 4057-8 and K A 4044-7, and Cd A 3261-0 and Na A 3302-3 produce comparable blackenings on the photographic plate. A definite amount (0-01 c.c.) of the sample is placed in a uniform layer over the surface of the prepared electrode by means of a pipette which will be referred to later, and this new material is dried as before.
The electrodes are sparked and the spectrum photographed. In making an exposure the plane electrode is so moved that the spark passes four times over its surface at a constant rate each time, in 60, 30, 15 and 15 sec. respectively. Calibration marks are put on the plate in the A 3302 and A 4044 regions with a step-slit and quartz band lamp.
The intensity ratios A 4044, K : A 4057, Pb, and A 3302, Na : A 3261, Cd, are determined from the plate by the standard microphotometric method. The following technical procedure has, however, been adopted. A Moll microphotometer, used as a direct reading instrument, has been so modified that the light from the galvanometer falls directly on semi-logarithmic graph paper, and that the clear plate deflexions may be conveniently adjusted to read 100 on the linear scale. With this arrangement, no numerical values for galvanometer deflexions are read; those for the calibration marks are marked at the appropriate intensities on the logarithmic scale, to give the calibration curve for the plate; those for the spectral lines may be read off directly in terms of intensity from this curve. The procedure results in a considerable saving of time and labour.
The concentrations corresponding to the determined intensity ratios are read off from standard working curves. These curves are constructed by plotting determined intensity ratios for known solutions against the known concentrations.
2. T h e p r e c is io n a n d a c c u ra c y o f t h e d e t e r m in a t io n s
The precision of the method as used in analyses of saliva and pancreatic secretion is illustrated in Table I . Two determinations for each element were made on each sample, and the average was taken as the representative value. The deviations of Table I refer to the deviation of either determina tion from this value. When the sample is placed on a prepared electrode as described above, the deviations include the errors in measurement of the volumes of sample and buffer solution used. On the other hand, earlier analyses were made by mixing 0*25 c.c. of the sample with an appropriate volume of the buffer solution in a test-tube, and using this mixture for both determinations. Under these circumstances, the deviations exclude the errors in measure ment of the volumes of sample and buffer solution.
It is apparent th at the errors introduced by errors in the volume measure ments in procedure (b) are negligible in comparison with the remaining errors inherent in the spectroscopic method. Procedure ( is more rapid than (a), and requires a much smaller volume of the sample. In view of the results of Table I the precision of the method is represented by a probable error of 3-2 % for Na, and 4*7 % for K. 
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- The fact that the sums of the two sets of determinations differ by only 0-3 % indicates that no constant error is present in either method, or that a similar constant error is present in both. In view of the totally different character of the two methods the latter alternative appears to be highly improbable.
The deviation of individual chemical and spectroscopic determinations from their mean is in one case as high as 10*6 %. Such large deviations probably result from large errors in the chemical determinations, since, as indicated by the following illustration, the spectroscopic method is the more reliable under our test conditions. Each of several samples of saliva was divided in half, and to one half was added a known amount of a K salt. All half-samples were analysed chemically and spectroscopically for K, and the added amount, as determined from the analyses, was compared with the Vol. CLXV. A. 3i known added amount. It was found that the average deviation from the known value was 17 % for the values determined chemically, while for those determined spectroscopically it was only 5 %. Similar tests were made spectroscopically for Na, with similar results.
D is c u s s io n
The problems of quantitative spectrographic analysis may be considered to fall into three distinct classifications: (a) problems concerned with the preparation of the sample for excitation, (b) problems concerned with the excitation of the sample, and (c) problems concerned with the measurement of relative intensities in the emitted spectrum.
The preparation of the sample. It is desirable that the preparation of the sample should involve as little treatment as possible, in order to minimize the chance of contamination or loss of material. This condition appears to be satisfactorily fulfilled by the present procedure, which involves only the transfer of a small quantity of the sample from the container in which it is collected to the electrode surface.
It is necessary that the volume delivered by the pipette to the electrode be closely reproducible. Pipettes with long fine points slightly curved at the end are used for this purpose. The curve facilitates the removal of liquid which tends to adhere to the outside of the pipette after delivery of the sample. As indicated by the figures of Table I , 0-01 c.c. of liquid may be placed on an electrode with a high degree of reproducibility with these pipettes.
The excitation of the sample. If reliable results are to be obtained, it is necessary that the intensity ratio of a line of the investigated element to some internal standard line be dependent only on the amounts of the two elements present, and on no other factor which may vary from sample to sample. The degree to which this condition is fulfilled determines the success of a spectroscopic method.
If a sample is placed alone on an electrode, the intensity ratio obtained for lines coming from different elements will depend on the amount of extraneous matter present. For example, the intensity ratio of the Pb and K lines used in this work increased by 50 % when the deposit of lithium tartrate on the electrode was changed from 0*3 to 1-0 mg./cm.2 of surface; the change in the Na : Cd ratio was somewhat less. In our experiments, the samples of glandular secretions to be analysed contained in some cases as much as 3 %, and in others as little as 0-3 % solids. Because of this variation in total solids, accurate determinations could not be made for such samples by placing them alone on the electrode. To overcome the difficulty, some suitable substance is deposited on the electrode in a fixed amount greatly in excess of the amount of solids in the samples. The discharge then takes its character from this added substance (the buffer), and is little affected by variations in the composition of the samples. Under these conditions one may use the same working curve for different samples. It is obvious that in determining the working curves, the deposit of buffer salt on the electrode must be the same as that used in actual analyses. Lithium tartrate has been found to be a satisfactory buffer salt for our work. It dries on the electrode in a closely adhering layer, which is " burned" rather than flaked off as is the case with many inorganic salts.
In view of the preceding statements, it is clear that the deposit on the electrode must form a layer of nearly uniform thickness if reliable results are to be obtained. By drying rapidly at low pressure some samples of saliva may be made to form a thick deposit at the edges of the electrode, leaving the centre nearly bare. The K determination obtained from such a deposit may differ by as much as 40 % from the determination made from a uniform deposit. Thus far no difficulty has been encountered in obtaining sufficiently uniform deposits when the sample is dried in a desiccator.
The condenser in the sparking circuit is large enough to produce a spark which will burn through the deposit on the electrode. The voltage across the primary of the transformer is reduced to a point slightly above that at which a discharge just takes place between the electrodes. Under these conditions the general heating of the electrodes is a practical minimum, and the destruction of the character of the deposit in places not immediately attacked by the spark appears to be negligible. The adjustment of the electrode spacing is not critical; a 25 % change in separation causes less than 7 % change in the intensity ratios.
There is evidence to indicate that the excitation in the discharge column of the source used in this work is thermal in character (Langstroth and McRae 1938), i.e. the average populations of the initial states are in a Boltzman distribution. It is therefore desirable to choose internal standard lines which originate in initial levels having nearly the same excitation potentials as those of the investigated lines of the elements to be determined. Energy level data for the lines used in our experiments are given in Table I I I .
Consideration shows that if the working curve was determined with a discharge temperature of 9000° K., and an observation was made with the discharge at 8000° K., the error in the determination of K due to this variation would be 20 %. The error in the Na determination would be considerably less, since the Na and Cd excitation potentials differ by only 0-07 e-volts whereas the corresponding difference for Pb and K is 1-32 e-volts. The fact that the average error is 1 % greater in the K, than in the Na determinations (Table I) , may be due in part to fluctuations in the discharge temperature of the source. An average fluctuation of 50° from the standard temperature would account for a 1 % greater deviation in the K measurements. Another factor contributing to this greater deviation for K is referred to below.
T Measurement of intensity. In our applications of the method, the back ground intensity was considered to be sufficiently small to be neglected. It appeared to be somewhat greater however in the region of the K line than in that of the Na line. This circumstance, combined with the fact that the blackening for the K line was small as compared with that of the other lines, results in a greater error in the determination of the K : Pb ratio. Hence a greater mean deviation in the K determinations is to be expected. This is found, as shown in Table I . The fact that the K determinations of the second row of Table I have a greater probable error than those of the first row' (4-7 % as compared to 4*2 %) is due to the fact that for these determinations the exposures (and so the background) were twice as great, while the blackenings of the K line remained about the same. It may be noted that the probable errors for Na, for which the background is a much smaller consideration, are the same in the two rows of Table I. We are indebted to Dr G. W. Stavraky for making the chemical analyses referred to in this article. We are also indebted to the Rockefeller Founda tion for financial assistance.
Summary
An internal standard method of quantitative spectrographic analysis, as applied in the determination of Na and K in glandular secretions, is described. The probable error in a determination is about 4 %.
By adding an appropriate foreign substance to the sample in such quantities that the character of the condensed A.C. spark discharge is determined by this substance, it is possible to use the same working curve for samples of considerably different composition.
The sample and internal standard may be separately placed on the electrode by a pipette specially designed for accurate delivery of small volumes. The volume of a sample required for the determination of both elements is thus reduced to 0-01 c.c.
By photographing the spectrum of the sample with an antimony absorp tion step-weakener before the spectrograph slit it is possible to obtain determinations for two or more elements from a single exposure.
